Comparación de los hemocitos de las ninfas de V instar de Rhodnius prolixus (Stål) and Rhodnius robustus, antes y después de la muda (Larousse 1927) Background. The immune response of insects involves humoral factors and cellular elements known as hemocytes. There are different reports that explore the response of hemocytes to infections, but the effect that molting has on this response has not been explored so far. We hypothesized that there would be a change in the percentage of hemocytes as a response to the molting process.
para cada una. Con la coloración de Gomori se observaron lisosomas en los granulocitos y en plasmatocitos, pero la diferenciación se logró mejor con la coloración de Giemsa.
Resultados. Los plasmatocitos fueron más abundantes en las ninfas de IV estadio de Rhodnius robustus y en las de V estadio de las dos especies, pero en las ninfas de V estadio de R. prolixus, el recuento de prohemocitos fue mayor; para los oenocitoides, esferulocitos y adipohemocitos el recuento no alcanzó al 1 %. En las dos especies no se encontraron diferencias estadísticamente significativas en plasmatocitos (p=0,05319), ni en granulocitos (p=0,5), entre las ninfas de IV y V estadio, pero fue significativa en prohemocitos (p=0,001).
Conclusiones. Se detectaron diferencias significativas en prohemocitos entre las ninfas de IV y V estadio. No hubo un aumento significativo en el conteo de células en los diferentes estadios.
Introduction
Invertebrate cellular immune response involves the processes of phagocytosis, encapsulation, and nodulation, which are all mediated through both humoral and cellular mechanisms. These mechanisms are found in the hemolymph of the insects and are known as hemocytes (1) . In addition to these functions, they are responsible for clearing apoptotic cells during development (2, 3) , and are involved in metabolism, synthesis, and nutrient storage (4) . In insects, it is known that immune cells are produced in two stages during insect development: during head or dorsal mesoderm embryogenesis and during the larval or nymphal stages (5) . They are located in separate anatomical compartments and are differentiated by sequential waves, transcription, and epigenetic factors that determine the fate of different cell types that are conserved through evolution (6).
In the species Rhodnius prolixus, the presence of hemocytes has been associated with infections, but few studies have characterized insect blood cells and the influence of the endocrine system (that is known to be related specifically to the hormone production of 20-hydroxyecdysone). There are some studies concerning the presence of the hemocyte at different stages. In the molting process, the production of new tissue demands synthesis de novo of proteins and productions of different elements, including the hemocytes that contribute to the formation and breakdown of wings in Manduca sexta (7, 8) . As such, we hypothesized that there are differences in the complete blood count (CBC) of IV and V Rhodnius prolixus nymphs. The aim of this study was to compare the number of hemocytes before and after molting among nymphs from the V instar of Rhodnius prolixus and Rhodnius robustus in order to validate differences in the hemocyte count. We chose this point in time because at that point of the insect development, apoptosis and the de novo synthesis of peptides, which are involved in the organization and production of new substances needed by the insect to develop and mature, are present.
Methodology

Maintenance of triatomine colonies
Insect colonies of Rhodnius prolixus species, from the Colombian region of Casanare, were established in the laboratory of Medical Entomology at the Universidad Nacional de Colombia for approximately ten years. R. robustus, from the Colombian region of Arauca, were used. Temperature conditions ranged from 24 to 28 ° C, and relative humidity (RH) was between 50-60 %. The insects were fed mouse blood.
Staining method selection
In preliminary trials, hemolymph samples were stained with different reagents, including Giemsa stain, Alcian Blue stain pH 2.0, Alcian Blue stain pH 2.6, Gomori-Takamatsu substrate, PAS (Schiff) stain, Sudan Black B, and Papanicolau stain to test which of them displayed a better differentiation of cell characteristics. For each staining, a positive control was performed.
The controls used to test the different staining methods were: periodic acid-Schiff (cut of small intestine), Giemsa (gastric biopsy diagnosis of moderate chronic atrophic antral gastritis and presence of Helicobacter pylori + + + / + + +), Alcian Blue (cut of esophagus diagnosed with Barrett's esophagus), Sudan Black (adipose tissue), Papanicolau (cytology smears). Also, Gomori-Takamatsu staining was used to detect lysosomes in hemocytes and thus relate their presence in the participation of certain lineages of hemocytes in cellular defense processes. Based on the results using the staining methods selected, we then proceeded to obtain samples of hemolymph from V instar nymphs for each insect species and staining method.
Preparation and staining of hemolymph samples
Groups of IV R. robustus and R. prolixus nymphs were fed on mouse blood until they reached repletion in order to facilitate the obtaining of hemolymph sample and also to ensure their passage to the next stage. Each of the nymphs were cut at the infrafemoral level. The abdomen was slightly pressed to obtain an aliquot of 1µL of hemolymph, which was coded with the initials of the species, the sample stage, the type of staining, and the consecutive number. The same procedure was performed with V instar nymphs 24 hours after molting.
Observation, characterization and classification
Hemolymph samples were observed under a light microscope with a magnification of 100X. Characteristics of each cell type were recorded and observations were analyzed, considering the different studies related to hemocyte morphology and, in particular, those published by Jones (9) .
Hemocyte measurement
The larger diameter, smaller diameter and the nucleus was measured using a Alphaphot Nikon microscope (Tokio, Japan) with a calibrated rule.
Differential hemocyte count
For counting, fifty V nymphs were cut at the infrafemoral level. The sample of hemolymph was taken. Insects were fed and allowed to molt. Twenty-four hours after molting, we proceeded to carry out a new infrafemoral cut and counting in order to determine the results for each of the species tested. The bounded number of cells counted was 200, because this was the range of the minimum value of hemocytes found.
Total hemocyte count
Twenty IV and V instar nymphs from the two triatomine species were randomly selected and fed up until repletion. We carried out an infrafemoral cut to each insect and 0.5 µL of hemolymph was diluted in 10 µL of EDTA anticoagulant to obtain a total dilution of 1:20. The mixture was placed in a Neubauer chamber, and we proceded to cell-counting.
Results
Ethical considerations approval was obtained from the Ethics Committee of the Faculty of Medicine at the National University of Colombia.
When the Gomori staining was applied, we observed lysosomes in granulocytes and plasmatocytes. In prohemocytes, the lysosomes were not observed ( Figure 1 ). With Schiff, Alcian Blue and Sudan Black staining, we could not observe a good differentiation of the hemocytes. With Giemsa, the most relevant features stood out so that we could classify hemocytes into six types: prohemocytes, plasmatocytes and granulocytes, which were the three most frequent types of cells (Figure 2, A-F). Oenocytoids, spherulocytes and adipohemocytes were also observed. Figure 2 demonstrates the morphological characteristics of the three major lineages of hemocytes described.
Prohemocytes
Prohemocytes are characterized as basophil cells, as has already been mentioned. The core was prominent, the shape was round, and the average major diameter was 4.04 (range 2-7 microns). The average minor diameter was 3.45 microns (range 2 -6μm), the ratio of the nucleus to the cytoplasm was about 1:1.5, which corroborates that the core occupies a large percentage of the cytoplasm. Several cells that were in the early stage of dividing late in both instars IV and V were observed. Several prohemocytes were also detected with chromatin division.
Plasmatocytes
The cells showed variable shape, but mostly ovoid with a central nucleus. The cytoplasm was vacuolated with the presence of thin pseudopodia ( Figures 2C and 2D ). The phagocytic capacity was better observed in Gomori staining, highlighting the lysosomes, which is reflected in the appearance of the black color. Due to the presence of lysosomes, the tendency was observed in some cases to be grouped. The mean largest diameter of cytoplasm was 8.85 µ (range 4-21 µ), the minor diameter was 6.73 µ (range, 3 to 20 µ), and the ratio varied between 1.2 and 4 µ.
Granulocytes
Granulocytes and plasmatocytes observed in the hemolymph of R. prolixus and R. robustus were observed to have various sizes (10) . Their main feature was the presence of large granules; the shape varied from round to oval. (Figure 2 E-F) . Sometimes these granules did not stain with Giemsa dye, and they had an appearance ranging from yellowish to deep brown cast. The average differential cell count in the nymphs of instar IV before and V after 24 hours of molting was generally higher for plasmatocytes, followed by granulocytes and prohemocytes. Although three other types of cells were observed, as reported earlier, no cell type reached 1.0 % in the overall count.
In the species Rhodnius robustus, no statistically significant differences between the plasmatocytes of IV and V instar were detected (p=0.06; 95 %CI=28.918-39.802). The same is true for granulocytes (p=0.5; 95 %CI=19.295-25.385). In contrast prohemocytes showed a significant difference (p=0.001; 95 %CI=29.22 to 36.12). In Table 2 , the CBC number and range of the three main cells are shown. In R. prolixus, we observed similar results: plasmatocytes (p=0.05; 95%CI=29.918-39.802), granulocytes (p=0.5; 95 %CI=22.232-32.048), and the difference was significant in prohemocytes (p=0.001; CI=33.94-42.62). (Table 2) .
Moreover, the counts of the cells in 0.5 µL of hemolymph in 20 individuals of IV and V instar of Rhodnius prolixus and Rhodnius robustus are summarized in Table 3 . These differences were not statistically significant (p=0,38. Student t-test).
The comparison of the differential counts between IV instar of the two species was observed. There was no statistically significant difference between the three main groups of cells: prohemocytes, p= 0.1320; plasmatocytes, p= 0.1741; and granulocytes, p= 0.1810. The same was true in the V instar: prohemocytes, p= 0.1741; plasmatocytes, p= 0.3572, granulocytes, p= 0.1320.
Discussion
In this study, six types of hemocytes were identified, based on size, morphology, presence of granules, and dye-staining properties. The count number of the most abundant cells observed -plasmatocytes and granulocytes-showed no significant differences between the IV and V instars in the two species. In contrast, prohemocyte counts were statistically different in both species between the two instars. This fact could be explained because prohemocytes are the blood precursor cells and, due to molting process, synthesis and differentiation of the other types of hemocytes are produced.
As reported by De Azambuja et al (11) , several staining methods have been conducted in order to establish which of them could have a better performance for cell counting. The best staining methods were Giemsa and Gomori. However, the differentiation that occurs between basophilic and acidophilic parts using Giemsa facilitates differentiation between them due to the positive results obtained with the Gomori substrate and the Papanicolau stain. The Gomori staining had the advantage that lysosomes were observed (8) and hemocytes of Manduca sexta were identified through Percoll gradient separation. However, the authors could not perform a separation of different types of cells (granulocytes and plasmatocytes) that were found in all layers of density.
The presence of lysosomes with Gomori stain, in both plasmatocytes and granulocytes confirm the phagocytic availability of these cells, in spite of the fact that granulocytes are considered the professional phagocytic cells (12) . Nevertheless, many authors consider that the only phagocytic cells are plasmatocytes, Guilianini et al (13) Ling & Yu (14) consider that granulocyte phagocytosis is very important, as well as the oenocytoids, that could eat bacteria. Thus, the presence of lysosomes in granulocytes suggests their phagocytic capacity, although, in humans, there are many cells with lysosomes that cannot be considered quintessential phagocytes. The characteristics of the cytoplasms and nuclei of cells, ascertained using Giemsa staining, allowed for a better classification.
Measurements of prohemocytes and granulocytes stained with Giemsa are in accordance with those reported by Jones (9) , with regard to shape and size. In addition, as the same author informed, with Giemsa stain, none of cells presented a strong acidophilic appearance. In granulocytes, as was described by Jones (9) , the round inclusion did not stain and sometimes had a yellowish cast. As previously reported by the same authors, the variability in the size of plasmatocytes is extensive. The tendency of plasmatocytes to cluster in the hemolymph of the larvae of Saccostrea glomerata was observed in this study, as reported by Aladaileh et al (15) . The mean largest diameter of cytoplasm was 8.85 µ (range 4-21 µ) and the smallest diameter was 6.73 µ (3-20 µ) . The range was between 1.2 and 4 µ.
Nevertheless, Barraco & Loch (16) reported similar differential counts of prohemocytes, plasmatocytes and granulocytes in the two nymphal stages. Here, we observed similar counts of plasmatocytes and granulocytes and a significant differences in counts of prohemocytes. In contrast Stoepler et al (17) found no difference between the counts of hemocytes of young and mature larvae of Euclea delphinii and Lithacodes fasciola, possibly because, 24 hours after molting, there are many processes that require the participation of hemocytes. It is important to note that, as already described by Jones, there are many cells classified as prohemocytes, but the shape of the nucleus is very different and it may seem that they were in a cleavage process. It is also important to recognize that the differentiation and production of hemocytes is regulated to some extent by transcription factors and specifically the endocrine steroid hormone ecdysone (18) and because prohemocytes are the precursor cells of different lineages of blood cells in insects. This finding is consistent as they occur in greater numbers in passing from one nymphal stage to another.
According to our results, no significant difference was found in the total number of hemocytes present in the hemolymph of the two species of Rhodnius studied. This data is consistent with that published by Barraco & Loch (16) , because there is an increased production of hemocytes to molt to the next nymphal stage, although this variation was not statistically significant. De Azambuja et al (11) suggested the hypothesis that differences in the total count and differential hemocyte counts (CBC) are due to nutritional factors or developmental conditions. In this study, we found that the development conditions only affected plasmatocytes and prohemocytes, which would confirm the thesis of these authors. However, they also found in some individuals that both the total cell count and differential cell count was highly variable, suggesting that there are also other factors affecting the population.
This paper can at least rule out the possibility of parasitic infection, because the insects that were taken on the experiments were from a colony maintained in the laboratory for many years with no infection guaranteed at least from parasites. Because we sampled the same individual before and after molt, Theopold et al (19) found in Lepidoptera that in the healing process two kind of cells were involved: granulocytes and plasmatocytes. However, in our work we did not find differences between these two type of cells before and after molting process. In contrast to prohemocytes, the number of these cells were higher before molt in both species. Probably this difference is due to the molting process but we cannot discard the probability that the healing process could be involved in this difference.
In conclusion, we report that plasmatocytes are the predominant cells in the hemolymph of Rhodnius prolixus and R. robustus, before and after molting. The total number of hemocytes and the percentages of plasmatocytes and granulocytes were similar in IV and V instars for the two species of Rhodnius. However, the count had statistical significance for prohemocytes, between stages in the two species studied.
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